Many structurally flexible regions play important roles in biological processes. It has been shown that extended loopy regions are very abundant in the protein universe and that they have been conserved through evolution. Here, we present NORSp, a publicly available predictor for disordered regions in protein. Specifically, NORSp predicts long regions with NO Regular Secondary structure. Upon user submission of a protein sequence, NORSp will analyse the protein for its secondary structure, presence of transmembrane helices and coiled-coil. It will then return email to the user about the presence and position of disordered regions. NORSp can be accessed from http://cubic.bioc.columbia.edu/ services/NORSp/.
INTRODUCTION

Irregular structures mediate function
The three-dimensional (3D) structure of a protein is assumed to largely determine its biological function. The first decades of rapid progress in the experimental determination of 3D structures by X-ray crystallography (1) focused on determining 'rigid' structures at high resolution. Recently, a new type of structure has emerged with very long regions that appear to adopt regular structure only upon binding to substrates or other proteins (2) ; they are referred to as floppy, natively disordered, natively unfolded or loopy (3, (4) (5) (6) (7) . It seems that these irregular regions are important for function.
Predicting irregular structures
Structural irregularity can be studied from several aspects: one class of 'natively disordered' regions was defined as the regions invisible in electron density maps of X-ray diffraction, presumably since the flexibility keeps them from crystallising into well-ordered structures. These regions sometimes are associated with regions with 'compositional bias' or 'low sequence complexity' (8) (9) (10) . Another class is characterised by proteins that appear unfolded by CD measurements (5) . Previously, we investigated the problem of disordered proteins from a structure-oriented perspective and studied extended regions of very low regular secondary structure (helix or strand) content (NORS) (3). We showed that NORS regions are particularly abundant in eukaryotic proteomes, conserved during evolution, over-represented in regulatory function category and important in protein-protein interactions. These results were in agreement with studies that predicted 'natively disordered regions' through neural networks (11) .
Here, we introduced a web-based interface to make our method of predicting NORS regions publicly accessible. The method can be useful for biologists in several ways. For example, crystallographers can check whether their proteins contain NORS regions and make the decision about whether to proceed with the experiments since NORS proteins may be difficult to crystallise, as demonstrated by their low occurrence in PDB (3). Biologists interested in protein structure-function relationship may also find it interesting to verify whether the protein-protein interaction sites coincide with NORS regions.
DESIGN AND IMPLEMENTATION
Definition of NORS
We defined NORS regions as segments of >70 consecutive residues with <12% of the residues in helix, strand or coiledcoil regions and with at least one segment of 10 adjacent residues exposed to solvent. We identify such NORS regions by merging predictions of secondary structure, transmembrane helices and coiled-coil regions. We pre-calculate this information as well as NORS regions for each protein in >60 completely sequenced genomes (Fig. 1) , and have included them in our PEP database (12) through a searchable SRS (13) *To whom correspondence should be addressed. Tel: þ1 2123054018; Fax: þ1 2123057932; Email: rost@columbia.edu
Nucleic Acids Research, Vol. 31, No. 13 # Oxford University Press 2003; all rights reserved interface (http://cubic.bioc.columbia.edu/db/PEP/). NORS information has also been used in our target selection process for North East Structural Genomics Consortium (14) to exclude proteins likely to pose problems to crystallisation.
Prediction by NORSp
Protein sequences submitted to our web site are subjected to the following steps. 
INPUT, OUTPUT AND ADVANCED OPTIONS
Input
The input to NORSp is protein sequence; proteins shorter than 70 residues are returned unprocessed. Currently, the valid input format is a sequence in one-letter residue code or a FASTAformat. The sequence can be entered into the sequence text box or uploaded from users' local disk.
Output
Users have the option of receiving 'succinct' output, which only shows the position of the NORS region in the context of the submitted sequence, or 'verbose' output, which includes the intermediate data used by NORSp: secondary structure, solvent accessibility, transmembrane helices and coiled-coil prediction. By default, the results will be in plain text (ASCII) format. However, HTML formatted results can also be requested that can be displayed in any web browser. Due to concerns about file size and user mailbox overflow, the results will normally be available to download from our website and only URLs are sent to the users by email unless users request the full results being sent directly.
Recommendation and advanced options
We determined the particular threshold used to define NORS regions in order to minimise the false positive rate as determined by manually inspecting PDB proteins (3). This conservative solution implies that the vast majority of NORS regions that we detect are likely to constitute structurally irregular, floppy, loopy or natively disordered regions. However, we supposedly miss many such regions in our predictions. Users who are aware of this may be interested in changing the threshold to see which regions may be good candidates for irregular regions although not detected by our default. We provide three options for advanced users: the size of sequence window for calculating secondary structure content (default ¼ 70), maximum of secondary structure content (default ¼ 12%) and the minimum length of consecutive exposed residues (default ¼ 10).
